profiling, which revealed that the intermixed layer did not change during the harsh etching except the removal of its thin surface layer containing less than 20% SiC. The etching rate of the intermixed layer is orders of magnitude lower than that for poly-Si.
been shown that not only the SiC layer but composite layer containing SiC particles can be also used to improve the chemical resistance of a coating layer; improved corrosion resistance was found by introducing SiC-particles to electrolytic nickel layer [12, 13] . It has been also shown that the corrosion resistance of Ni-Co/SiC nano composite coatings depends on the size of SiC particles; it was much better if SiC nano particles were used than in case if the composite contained micro sized SiC [14] .
Thus, layers containing various kinds of SiC in varying amounts are useful protective coatings.
The question arises, how much the thickness of the coating layer can be reduced while maintaining the sufficient chemical resistance.
We have shown that SiC rich nano layers in the range of 5-20 nm can be produced by ion mixing of C and Si layers [15] . The thickness and composition of the ion mixed layer can be tailored by changing the fluence and/or energy of the irradiation. Additional advantage of the method is that the layer can be produced according to any desired template if focused ion beam is applied for ion mixing. On the other hand these layers are far from being perfect SiC. Rather, they are layers containing most likely defective amorphous SiC together with other components like C, Si and Ga. Based on the literature [12] [13] [14] one might hope that even such layers have high (compared to "usual" materials) resistance against chemical attack. Thus, we have studied the chemical resistance of these layers as a function of their thickness. We will show that the etching rates applying usual aqueous etching solutions of these only some nanometer thick layers, containing less than 100 % amorphous SiC, are orders of magnitude less than that of poly-Si.
Experimental

Producing SiC rich layer
C /Si /C /Si /C /Si single crystal substrate multilayered specimen was produced by magnetron sputtering. The structures of the actual specimens were determined by cross sectional transmission electron microscopy (XTEM) as : 1  st C 20 nm / 1  st Si 20 nm / 2  nd C 19 nm / 2  nd Si 23 nm /3 rd C 18 nm / Si substrate. The layers are counted from the top surface. The silicon and carbon layers were polycrystalline and amorphous, respectively [15] .
To make the SiC rich layer the specimen was irradiated by Ga + ions using LEO 1540XB (FEG SEM -FIB) cross beam system at room temperature. The angle of incidence of the ion bombardment was 0 o (with respect the surface normal). The energy of the Ga + projectiles was 30 keV, and the applied fluences of 10, 20, 40, 80, 120 x 10 15 Ga + /cm 2 were determined by the time of the single pass irradiation. The ion current density was some nA/mm 2 and thus the heating effects and/or overlapping of cascades could be neglected. The irradiated areas varied from 100m x100m to 300m x300m.
AES depth profiling
To determine the depth profiles at various stages of the experiment (as received, after ion beam mixing, after various etching) Auger Electron Spectroscopy (AES) depth profiling was applied.
Sputter removal
1 keV Ar + ions with angle of incidence of 80 o (with respect to the surface normal) were used for depth profiling. The ion beam was scanned; the sputtering rate on an area of 1.5x1.8 mm 2 was uniform. The sample was rotated (4 rev/ min) during ion bombardment. Using these parameters the ion bombardment induced surface and interface morphology development generally is in the range of some nms [16] .
Auger analysis
The exciting primary electron beam, that is, the analyzed area's diameter was 40 m, which is less than the irradiated (ion mixed region) area, which area was at least 100x100 m 2 . Thus, it was possible to record simultaneously depth profiles on the variously intermixed and/or nonintermixed regions allowing the direct comparison of the depth profiles.
The Auger spectra were recorded by a STAIB DESA 150 pre-retarded CMA in direct current mode measuring the C, O, Si and Ga Auger peaks. The Auger peak shapes both for Si and C change due to the compound, SiC, formation as it is shown in Fig.1 (for the C region), which can be utilized to measure the SiC content as well. To do this it was assumed that the measured peak originates from carbon atoms being partly in silicon carbide state and partly graphite state. Thus, the measured peak is a simple sum of the SiC and graphite spectra. Reference Auger peaks were recorded on pure Si, graphite and nearly pure SiC ( Fig. 1 shows only the peaks in the vicinity of the C peak). Using the standard spectra a simple decomposition method was used to separate the detected Auger spectrum to graphite and SiC parts. The decomposition procedure itself is a least square fitting procedure during which the best fitting intensities of the components were determined (including a background fit as well). After having the proper component peaks, the concentrations were calculated following the conventional method from the peak-to-peak amplitudes (p-p) measured on the numerically differentiated curve and applying the method of relative sensitivity factors [17] .
Detection of particle formation
If the atoms form particles of size larger than 1-2 nm in diameter then the electron structure is similar to that of bulk system. Accordingly during electron irradiation plasmon losses characteristic to the material appear. These plasmon losses can be utilized for the identification of the particles. Reflection electron energy loss spectroscopy (REELS) was used to identify the appearance of SiC and Ga particles [18] .
Etching test
A typical sample contained one or more (to run several etching tests in the same time) irradiated areas of various sizes. All intermixed regions were covered by C. Thus, first we had to remove this C layer which was achieved by oxidation in microwave plasma at 500 o C.
For etching, the sample was submerged into poly-Si etchants for various times. Two types of etchants, known as possible etchant of SiC [6] , were used, those of 1 unit volume HF+10.5 unit volume HNO 3 +5.25 unit volume H 3 PO 4 and 1 unit volume HF + 21 unit volume HNO 3 , signed later as etchant A and B, respectively. The etching rates of etchants A and B are 7 and 4 m/min measured on poly-Si, respectively. After each etching step, the surface was checked using optical microscope, which revealed the macroscopic damages and in some cases by AES depth profiling to get the depth profiles.
Results and discussion
The initial condition
The etching tests were carried out on the ion mixed samples. The initial condition, that is, the initial in-depth compositions of the sample was determined by AES depth profiling. A typical result is shown in Fig. 2 , which shows the depth profiles after the sample was irradiated by a fluence of 40x10 15 Ga + /cm 2 . The 2 nd C, 2 nd Si and 3 rd C layers are unaffected by the irradiation, which is expected since the penetration (projected range) of 30 keV Ga in this layer system is 24±7 nm. We have shown that the measure of intermixing increased with fluence [15] and that majority of SiC was amorphous nano particles [18] . The intermixed layer besides SiC always contained Ga and if the fluence was ≤ 20 x 10 15 Ga + /cm 2 free (non-reacted) C and Si as well. Based on the REELS analysis, the Ga is in solution if the irradiation fluence less than 80x10 15 Ga + ions/ cm 2 , while it forms -at least in parts -small nanoparticles if the fluence larger than the above value [18] .
The thickness of the region rich in SiC could be (arbitrarily) defined by the widths at half maximum of SiC concentration, which were found to be 7 nm, and 26 nm for fluences of 20, and 80x 10 15 Ga + ions/ cm 2 , respectively. It should be added, however, that the thickness of the layer is a rough measure of the SiC rich region since in the intermixed regions the depth profiles strongly vary as a function of irradiation fluence.
Chemical test
The chemical test consisted of two steps: first an oxidation in microwave plasma at 500 o C for but before the AES depth profiling is shown in Fig. 5 suggests a more difficult picture, however.
In Fig. 5 the pink square is the irradiated region. It is clear that oxidation and etching have not affected the integrity of the region, so in this respect, the optical microscopy observation agrees with the results of the AES depth profiling. On the other hand it is evident that there are some damages on surface. It is known that the corrosion rarely attacks homogeneously the material rather it proceeds along defects e.g. phase boundaries, grain boundaries etc. In this very thin intermixed layer we cannot easily define the possible defects. Anyhow the etching definitely reveals the weak points; the total area covered by them is less than a few percentages, however.
The study of these weak points etching pits, pipes, etc. which will be called as local damages, is possible by optical microscopy, while the AES depth profiling characterizes the "bulk" material.
Both should be considered when describing the protection strength of the intermixed layer.
Study of macroscopic damage based on optical microscopy measurements.
In the study of macroscopic damage formation, we rely on the optical microscopy studies. Fig. 6 shows the optical microscopy image of a sample containing four 200x200 m To estimate the resistance of the intermixed layer against the local damages as a function of layer thickness, that is, the amount of SiC particles, the sample was subjected to consecutive etching and optical microscopy observation steps until the total area of the local damages reached 5 ± 3 % of the irradiated area. The results using etchant B are shown in Table 1 .
Based on the data of Table 1 it is clear that the time to build up the local damage depends on the thickness of the intermixed layer, but the dependence is a rather difficult one, which might be explained by the complexity of defect mediated etching processes. To characterize protection strength, we calculated the thickness which is removed under identical conditions (by applying the same etchant for the same time) from poly-Si, which will be called as "equivalent thickness".
The ratio of the thickness of the intermixed layer and the corresponding equivalent thickness (shown in the 5 th column of Table 1 ) characterizes the strength of the protection as a function of the irradiation time. It is clear that the thicker the intermixed SiC rich layer (irradiation with higher fluence was used) the better the protection. In other words either the nucleation or the propagation of local defects or both are more difficult with increasing intermixed layer thickness.
The extremely low numbers in the last column of Table 1 show that the protection, even in the case of the thinnest layer, is sufficiently good.
With increasing etching time the area of damaged regions increases until the integrity of the layer disappears. The result of such an experiment is shown in Fig. 7 . It shows the optical microscopy images recorded on an area irradiated by 20x10 15 Ga + /cm 2 after etching times of 12, 36, 60 and 84 s, using etchant A (etching rate for poly-Si is 7m/min).
After 12 s of etching, some etching pits and hole like features appear. With increasing etching time the number of etching pits also increases and some of them transforms to holes (36 s). The diameter of the holes increases and after 60 s etching the intermixed layer is strongly damaged.
Further increase of the etching time results in highly non-uniform layer disappearance; after 84 s etching time only part of the intermixed layer remains.
Study of the "bulk" behavior based on AES depth profiling.
AES depth profiles were recorded on samples subjected to increasing etching times. The surprising fact is that we could not see any degradation (change of the thickness, appearance of contamination e.g. O, change of the shape of depth profiles) on the non-defective part of the irradiated region even in that case when the integrity of the intermixed layer has been lost. This is shown in Figs. 8 and 9 , which show optical microscopy image and the AES depth profile of sample irradiated by fluence of 80x10 15 Ga + /cm 2 , oxidized and etched for 114 s in etchant A. The optical microscopy image (Fig. 8) shows that part of the intermixed layer has already disappeared due to the etching and the reminder part also contains considerably amount of defective regions. On the other hand the AES depth profile, recorded on a region not showing local damage, is practically indistinguishable from the previous depth profiles shown in Fig. 4 ; just the surface layer containing C, Ga and less than 20% SiC is missing. Thus, the region which is non-defective is unharmed even using this heavy etching, meaning that the etching rate for non-defective intermixed region is at least 4 orders of magnitude less than that of poly-Si.
We do not know presently why the local damages appear, which actually determine the time of protection. Luckily the time required for their appearance, even in the case of the thinnest SiC rich layer intermixed region, is long enough, that is, the protection capability of the intermixed layer is sufficient. Still, if we can decrease the number of local damages, the time of protection increases by orders of magnitude.
The presented results can be explained based on the ideas reported previously [12] [13] [14] 20] . First of all SiC in any form and size is highly inert and its presence reduces the effective area of the vulnerable metallic regions, thus the presence of SiC considerably reduces the etching rate.
Additionally micro-galvanic cells might form on the interfaces which strongly affect the etching rate [20] . In the present case this might be an important factor since particle/matrix interface is large as the SiC forms nanoparticles. Evidently the defects present in the surface of the intermixed region cause the formation of local damage. The propagation of these damages into the bulk is arrested by the SiC nano particles, however explaining the strong thickness dependence of the macroscopic defect formation.
Conclusions
Nominally The thickness dependence of the formation of local damages. Columns 1-3 show the fluence of irradiation used to make the intermixed layer, the thicknesses of the intermixed layers, and the etching times (using etchant B) necessary to produce 5±3% coverage of local damages. Column 4 gives the thicknesses of poly-Si which is removed during the times given in column 3. The last column gives the ratios of thickness values being in column 2 and 4. 
